The human granulocytic ehrlichiosis (HGE) agent resides and multiplies exclusively in cytoplasmic vacuoles of granulocytes. Double immunofluorescence labeling was used to characterize the nature of the HGE agent replicative inclusions and to compare them with inclusions containing the human monocytic ehrlichia, Ehrlichia chaffeensis, in HL-60 cells. Although both Ehrlichia spp. can coinfect HL-60 cells, they resided in separate inclusions. Inclusions of both Ehrlichia spp. were not labeled with either anti-lysosome-associated membrane protein 1 or anti-CD63. Accumulation of myeloperoxidase-positive granules were seen around HGE agent inclusions but not around E. chaffeensis inclusions. 3-(2,4-Dinitroanilino)-3-amino-N-methyldipropylamine and acridine orange were not localized to either inclusion type. Vacuolar-type H ؉ -ATPase was not colocalized with HGE agent inclusions but was weakly colocalized with E. chaffeensis inclusions. E. chaffeensis inclusions were labeled with the transferrin receptor, early endosomal antigen 1, and rab5, but HGE agent inclusions were not. Some HGE agent and E. chaffeensis inclusions colocalized with major histocompatibility complex class I and II antigens. These two inclusions were not labeled for annexins I, II, IV, and VI; ␣-adaptin; clathrin heavy chain; or ␤-coatomer protein. Vesicle-associated membrane protein 2 colocalized to both inclusions. The cation-independent mannose 6-phosphate receptor was not colocalized with either inclusion type. Endogenously synthesized sphingomyelin, from C 6 -NBD-ceramide, was not incorporated into either inclusion type. Brefeldin A did not affect the growth of either Ehrlichia sp. in HL-60 cells. These results suggest that the HGE agent resides in inclusions which are neither early nor late endosomes and does not fuse with lysosomes or Golgi-derived vesicles, while E. chaffeensis resides in an early endosomal compartment which accumulates the transferrin receptor.
Ehrlichia spp. belong to the family Rickettsiaceae and are obligatory intracellular bacteria of monocytes-macrophages or granulocytes but usually not both types of cells (43) . The human granulocytic ehrlichiosis (HGE) agent has a granulocyte tropism and causes an emerging tick-borne zoonosis called HGE. HGE was first described in 1994 among 12 patients in Minnesota and Wisconsin (4, 12) . More than 400 cases have since been reported in several additional states (22, 56) . HGE has also been reported in Europe (3, 9, 20, 41) . Patients with HGE show signs of illness characterized by fever, chills, headache, malaise, and/or myalgia (4, 22, 56) . Severity may range from asymptomatic infection to severe morbidity and death in some cases. Laboratory tests show thrombocytopenia, leukopenia, elevation of C-reactive protein levels, and increased liver enzyme activities (4, 22, 56) .
E. chaffeensis has a monocyte-macrophage tropism and was first isolated in Arkansas in 1990 from a patient suffering from another tick-borne disease called human monocytic ehrlichiosis (HME) (17) . More than 460 cases of HME have been reported in 30 states since the disease was first reported in 1987 (40) . The clinical signs of HME are similar to those of HGE.
Ehrlichia spp. survive and replicate in membrane-bound inclusions (parasitophorous vacuoles). Previous results obtained in our laboratory have shown that E. chaffeensis in human monocytic leukemia cell line THP-1 resides in early endosomes which do not fuse with lysosomes and selectively accumulate the transferrin receptor (TfR) (7) . We have also shown that E. risticii, a monocytic ehrlichia infecting the horse, selectively prevents lysosomal fusion with ehrlichia-containing inclusions in murine macrophage-like cell line P388D 1 (55) . Recently, Mycobacterium tuberculosis (14) , M. avium (50) , Legionella pneumophila (13, 14) , Coxiella burnetti (26) , and Chlamydia trachomatis (26) have been shown to occupy unique cytoplasmic membrane-bound compartments which are distinct from endosomes or phagolysosomes, and each of these compartments is tailored to the needs of the particular organism. It is unknown whether all Ehrlichia spp. occupy similar or different cytoplasmic inclusion compartments. The 16S rRNA gene sequences of E. chaffeensis and the HGE agent differ by 7.5% (12) , and their ultrastructures and antigenic compositions are distinct (42, 44, 45) .
The purpose of this study was to examine the characteristics of the replicative inclusions of the HGE agent and E. chaffeensis independent of host cell differences by determining the localization of (i) various host cell membrane proteins specific to cytoplasmic compartments, (ii) cytoplasmic proteins which reversibly associate with membranes for forming vesicles for specific docking of cytoplasmic vacuoles (clathrin, adaptin, annexins, ␤-coatomer protein [␤-COP], and rab), and/or (iii) membrane lipids characteristic of compartments in the exocytic pathway.
Double immunofluorescence labeling.
Cytocentrifuged (Cytospin2; Shandon, Inc., Pittsburgh, Pa.) preparations of HGE agent-infected, E. chaffeensis-infected, or dually infected HL-60 cells, all Ն70% infected as determined by Diff-Quik staining (Baxter Scientific Products, Obetz, Ohio), were fixed for 15 s in Diff-Quik fixative containing methanol. Infected cells were sequentially incubated with primary (Table 1) and secondary antibodies in phosphate-buffered saline (PBS; 0.009 M Na 2 HPO 4 , 0.005 M NaH 2 PO 4 , 0.15 M NaCl) for 1 h at 37°C. Anti-HGE agent and anti-E. chaffeensis sera were preabsorbed with uninfected HL-60 cells at 10 6 /ml of serum for 1 h at 37°C. Lissamine rhodamine (LR)-conjugated anti-mouse, -rabbit, or -goat immunoglobulin G (IgG) at 7.5 g/ml (Jackson ImmunoResearch Laboratories, Inc., West Grove, Pa.) was used to label the mouse, rabbit, or goat primary antibodies. Fluorescein isothiocyanate (FITC)-conjugated anti-horse or anti-dog IgG (Jackson) at 7.5 g/ml was used to label horse anti-HGE agent or dog anti-E. chaffeensis antibodies. Labeled cells were mounted with a semipermanent mounting medium containing polyvinyl alcohol (Mowiol 4-88; Calbiochem, La Jolla, Calif.) and viewed by epifluorescence microscopy. As controls, uninfected cells were incubated with horse anti-HGE agent serum or dog anti-E. chaffeensis serum and FITC-or LR-conjugated anti-horse or anti-dog IgG. Uninfected cells incubated with the various mouse, rabbit, or goat antibodies also served as a control, and labeling of distinct structures in the cell served as a positive control. HGE agent-or E. chaffeensisinfected cells were incubated with anti-HGE agent or anti-E. chaffeensis serum, respectively, and FITC-or LR-conjugated anti-mouse, -rabbit, or -goat IgG to make sure there was no cross reactivity. Single labeling of infected HL-60 cells with each primary antibody and FITC-or LR-conjugated antibody was performed to ensure little cross-excitation through the LR or FITC filters, respectively.
DAMP and acridine orange labeling. An acidic granule kit (Oxford Biomedical Research, Inc., Oxford, Mich.) was used to label HL-60 cells with 3-(2,4-dinitroanilino)-3Ј-amino-N-methyldipropylamine (DAMP), which contains an antigenic dinitrophenol (DNP) group. Briefly, 2 ϫ 10 5 uninfected, HGE agentinfected, or E. chaffeensis-infected HL-60 cells/ml were incubated with a 30 M DAMP solution for 30 min at 37°C in 5% CO 2 -95% air. Cells were centrifuged and fixed in 3% (wt/vol) paraformaldehyde in buffer C (10 mM Na 2 HPO 4 , 150 mM NaCl, 2 mM MgCl 2 , pH 7.4) for 15 min at room temperature and subsequently washed once with 50 mM NH 4 Cl and twice with buffer C. The cells were then permeabilized by incubation for 15 min in buffer C containing 0.3% saponin. Permeabilized cells were sequentially labeled with primary mouse anti-DNP antibodies at a 1:10 dilution of stock solution, horse anti-HGE agent serum (1:100 dilution), or dog anti-E. chaffeensis serum (1:100 dilution) at 37°C for 1 h. The secondary antibody, LR-conjugated anti-mouse IgG, FITC-conjugated antihorse IgG, or FITC-conjugated anti-dog IgG, was used as described earlier.
Acridine orange (Sigma, St. Louis, Mo.) at a final concentration of 2 g/ml was added to HGE agent-infected or E. chaffeensis-infected HL-60 cells, and the mixture was incubated at 37°C for 1 h before cytocentrifugation for 2 min at 450 ϫ g to wash away the unincorporated dye. Cytospin preparations were mounted, and the cells were viewed by epifluorescence microscopy as described above.
Cytochemical localization of myeloperoxidase in infected cells. HGE agent-or E. chaffeensis-infected HL-60 cells were fixed with 1.5% glutaraldehyde in 0.1 M sodium cacodylate buffer (pH 7.4) containing 5% sucrose for 45 min. Cells were rinsed three times with 50 mM Tris (pH 7.4) containing 7.5% sucrose for 10 min and incubated in the substrate solution (73 mM sodium acetate, pH 6.2) containing 0.003% diaminobenzidine tetrachloride (Nacalai Tesque, Inc., Kyoto, Japan) for 5 min. The reaction was stopped by rinsing the cells three times with 50 mM Tris (pH 7.4) containing 7.5% sucrose. Cells were incubated at 4°C in reduced osmium tetroxide (1% OsO 4 and 1% potassium ferrocyanide in 0.1 M sodium cacodylate buffer, pH 7.4) for 1 h, rinsed three times with cold 0.1 M sodium cacodylate buffer, and dehydrated with graded series of ethanol. Ultrathin (60-nm) sections were stained with lead citrate and observed under a Philips EM 300 transmission electron microscope.
C 6 -NBD-ceramide labeling. Fluorescent C 6 -7-nitrobenzo-2-oxa-1,3-diazole (NBD)-ceramide (Molecular Probes, Eugene, Oreg.) was complexed with defatted bovine serum albumin (DFBSA) in RPMI medium to obtain final concentrations of C 6 -NBD-ceramide and DFBSA of ϳ5 M as described previously (26) . Infected or uninfected HL-60 cells (10 6 ) were incubated in the presence of the C 6 -NBD-ceramide-DFBSA complex in RPMI medium for 30 min at 4°C in a multiwell plate and then washed with 10 mM HEPES-buffered calcium and magnesium-free PBS (HCMF). Cells were incubated in RPMI medium containing 0.03% DFBSA for either 0.5, 1, 2, or 4 h to allow back exchange of excess fluorescent probe from the plasma membrane and washed gently with HCMF before collection by centrifugation. Cells were resuspended in serum-free RPMI medium, and 50 l of the cell suspension was cytocentrifuged for 2 min at 450 ϫ g. Cytocentrifuged cells on slides were mounted with Mowiol mounting medium and examined by epifluorescence microscopy for NBD and by Nomarski differential interference microscopy for ehrlichial inclusions.
BFA treatment of HGE agent-or E. chaffeensis-infected cells. HGE agent-or E. chaffeensis-infected HL-60 cells (ϳ90%) were placed in RPMI medium supplemented with 10% fetal bovine serum. Brefeldin A (BFA; Sigma) was added to the culture at 20 g/ml. Cells were incubated for 24 h at 37°C in 5% CO 2 -95% air and examined by Diff-Quik staining or fixed and processed for electron microscopy as described previously (55) .
RESULTS
Double immunofluorescence labeling and electron microscopy of dually infected cells. HL-60 cells were infected with the host cell-free HGE agent and E. chaffeensis concurrently to determine if they shared the same replicative inclusions following entrance into the host cell. At 3 days postinfection (allowing stable and logarithmic growth), double immunofluorescence labeling revealed the presence of separate HGE agent and E. chaffeensis inclusions in the cytoplasm of the same Lysosomal markers. CD63 and human lysosome-associated membrane protein 1 (LAMP-1) are unique membrane glycoproteins found in late endosomes and lysosomes (11) . Neither HGE agent nor E. chaffeensis inclusions colocalized with CD63 or LAMP-1, although lysosome-like structures were strongly labeled throughout the cytoplasm of the cell, with a higher population residing around the HGE agent inclusions (Fig. 3) .
Myeloperoxidase localization. EM cytochemical analysis of myeloperoxidase localization in HGE agent-infected HL-60 cells revealed a large population of lysosomes which surrounded the ehrlichial inclusions (Fig. 4a) ; however, the myeloperoxidase activity was not detected inside inclusions, indicating the absence of lysosomal fusion. In contrast, not only were E. chaffeensis inclusions negative for myeloperoxidase, but no accumulation of peroxidase-positive granules around the inclusions was seen; instead, more mitochondria were seen adjacent to the inclusion (Fig. 4b) , as previously noted in infected DH82 cells (44) . 
Acidic markers. Vacuole-type H
ϩ -ATPase is located in early and late endosomes, lysosomes, and the Golgi apparatus and is required for acidification of these compartments (31) . It differs from mitochondrial and bacterial H ϩ -ATPase both antigenically and biochemically. HGE agent inclusions were not la- 
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tion with vacuole-type H ϩ -ATPase (data not shown). The weak base DAMP, which accumulates in acidic compartments in direct proportion to compartment acidity (2), did not accumulate in HGE agent inclusions, although infected and uninfected HL-60 cells showed strong accumulation of DAMP in endosome-or lysosome-like compartments, which were scattered throughout the cytoplasm of the cells. Infected HL-60 cells exposed to DAMP only without exposure to anti-Ehrlichia sp. antibody also showed no labeling of ehrlichial inclusions. Unlike that in THP-1 cells (7), E. chaffeensis inclusions in HL-60 cells did not accumulate DAMP; however, a population of endosome-or lysosome-like vesicles accumulated DAMP. The HGE agent or E. chaffeensis inclusions did not accumulate the acridine orange dye after 24 h of incubation, but accumulation of labeled granules was seen around HGE agent inclusions (Fig. 5) .
Early endosomal markers. The TfR (24), the cytoplasmic reversibly associating protein rab5 (a small GTPase) (53) , and the hydrophilic peripheral membrane protein early endosomal antigen 1 (EEA1) (37) are found in early endosomes. The association of EEA1 with the endosomal membrane requires rab5-GTP (49) . HGE agent inclusions did not colocalize with the TfR, rab5, or EEA1 (Fig. 6a) ; however, strongly labeled endosome-like vesicles were found scattered throughout the cytoplasm of infected and uninfected HL-60 cells. The TfR was more abundant than rab5 or EEA1. As in THP-1 cells (7), E. chaffeensis inclusions colocalized with the TfR (Fig. 6b) . In addition, both EEA1 and rab5 also colocalized with E. chaffeensis inclusions (Fig. 6b) . Based on the localization of these unique early endosomal membrane proteins, the data suggests that the HGE agent does not reside in a TfR endosome or an early endosome while E. chaffeensis does.
MHC class I and II molecules. Major histocompatibility complex (MHC) class I and II molecules are membrane glycoproteins which are constitutively present on the surface of monocytes and neutrophils and in the cytoplasmic membrane compartment but are distributed differently in the endosomallysosomal pathway. MHC class I molecules are trafficked from the Golgi apparatus to the plasma membrane. Class I molecules are excluded during endocytosis or are rapidly redirected back to the plasma membrane following endocytosis (39) . In 
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on August 28, 2017 by guest http://iai.asm.org/ contrast, MHC class II molecules are trafficked from the Golgi apparatus to specialized MHC class II-containing endosomes, which are subsequently directed to the plasma membrane (1). Both MHC class I and II molecules are located on a distinct class of endosomes separate from the TfR-containing endosomes during endocytosis. Approximately 20 to 25% (100 infected cells each were scored for three independent experiments) of HGE agent inclusions contained the MHC class I heavy chain associated with ␤ 2 microglobulin and the MHC class II molecules (Fig. 7) . A small percentage of E. chaffeensis inclusions in HL-60 cells colocalized with MHC class I and II molecules (ϳ10 and 5%, respectively). Uninfected and infected cells both contained other small endosome-like structures in the peripheral cytoplasm which were labeled for MHC class I and II molecules. Endocytic markers. The clathrin heavy chain is attached to membrane proteins via the adapter protein ␣-adaptin (51), which aids vesicle transport to endosomes from the plasma membrane. HGE agent and E. chaffeensis replicative inclusions did not colocalize with either the clathrin heavy chain or ␣-adaptin, but strongly labeled endosome-like inclusions were present throughout the cytoplasm of both infected and uninfected cells. Vesicles labeled for ␣-adaptin often localized near the plasma membrane, while vesicles labeled for the clathrin heavy chain were generally more randomly located throughout the cytoplasm (data not shown).
Cytoplasmic reversibly associating proteins. The annexins are a family of structurally related Ca 2ϩ -regulated, phospholipid-binding proteins which are suggested to have roles in many cellular processes such as exocytosis, ion permeation, lipid metabolism, and membrane fusion (36) . Since E. risticii is sensitive to Ca 2ϩ -calmodulin inhibitors (47), we examined the localization of annexins in ehrlichia-infected cells. For both the HGE agent and E. chaffeensis, neither annexin I, II, IV, nor VI translocated from the cytoplasm to the ehrlichial inclusions themselves or to areas surrounding the inclusions. Annexins IV and VI and smaller populations of annexins I and II showed strong labeling of small granules which were diffusely and evenly distributed throughout the cytoplasm of both infected and uninfected cells.
VAMP2. Vesicle-associated membrane protein (VAMP2), also known as synaptobrevin-2, is an integral membrane protein which plays a role in vesicular transport and neurotransmission (10). In human blood neutrophils, VAMP2 has been found in high concentrations in secretory vesicles and tertiary granules but only in low concentrations in primary and secondary granules (10) . Approximately 40% of HGE agent inclusions and 15 to 20% of E. chaffeensis inclusions were labeled with VAMP2 in a punctate pattern (Fig. 7) . Both VAMP2-labeled and unlabeled ehrlichial inclusions were found within the same host cell. Both uninfected and infected HL-60 cells had a small population of VAMP2-positive vesicles primarily in the peripheral cytoplasm.
Exocytic pathway markers. ␤-COP is involved in the regulation of intracellular protein transport between the intermediate compartment of the endoplasmic reticulum and the Golgi complex (18) . HGE agent and E. chaffeensis inclusions showed no colocalization of ␤-COP (data not shown). Anti-␤-COP was found to colocalize in the Golgi apparatus and in a large population of vesicles in the region of the Golgi apparatus in both infected and uninfected HL-60 cells.
Ceramide is cleaved to sphingolipid in the Golgi apparatus. C 6 -NBD-ceramide, a fluorescently labeled ceramide, has been used to study trafficking of sphingolipid in viable cells (30) . We utilized C 6 -NBD-ceramide to determine whether endogenously synthesized sphingomyelin is incorporated into HGE agent inclusions. C 6 -NBD-ceramide labeling of HGE agent-infected and uninfected cells revealed accumulation of the fluorescent sphingolipid in the Golgi apparatus and in a small population of vesicles concentrated around the Golgi apparatus. HGE agent inclusions visualized by Nomarski interference microscopy did not accumulate C 6 -NBD-ceramide. Plasma membranes of uninfected and infected cells did not contain fluorescence following back exchange with DFBSA.
CI-M-6-P Rc. Prelysosomal vesicles, late endosomes, and trans-Golgi vesicles contain the cation-independent mannose-6-phosphate receptor (CI-M-6-P Rc), which delivers newly synthesized, soluble lysosomal enzymes to the prelysosomes from the trans-Golgi network (25) . The CI-M-6-P Rc releases its ligands to the acidic lumen of prelysosomes, and the Rc is rapidly cycled back to the trans-Golgi network to initiate another cycle (25) . The CI-M-6-P Rc was not detected on the membranes of either HGE agent or E. chaffeensis inclusions (data not shown), although CI-M-6-P Rc-positive vesicles were detected throughout the cytoplasm of the cell.
BFA treatment. HGE agent-or E. chaffeensis-infected HL-60 cells were treated with BFA to assess the requirement of vesicular transport from the endoplasmic reticulum and Golgi complex for ehrlichial survival. BFA is a fungal metabolite which inhibits antegrade (but not retrograde) transport by causing redistribution and loss of the stacked cisternae of the Golgi complex (23) . Following 24 h of BFA treatment, light microscopy with Diff-Quik staining showed the presence of many juxtanuclear vacuoles and the presence of the viable HGE agent or E. chaffeensis in morphologically normal-appearing inclusions. EM analysis of HGE agent-or E. chaffeensis-infected HL-60 cells revealed morphologically normal-appearing ehrlichial inclusions containing viable organisms. HL-60 cells showed complete loss of the Golgi complex but retention of an enlarged, swollen endoplasmic reticulum. Many juxtanuclear vacuoles were also present.
All of the double immunofluorescence labeling results obtained are summarized in Table 2 .
DISCUSSION
Ehrlichia spp. survive and replicate exclusively within inclusions in monocytes-macrophages or granulocytes, which are the primary effector cells of antimicrobial defense. Therefore, ehrlichiae apparently create an inclusion environment which is conducive to survival and replication. The present study revealed that the HGE agent resides in a unique cytoplasmic compartment, which is distinct from that occupied by E. chaffeensis, within the same cell, and distinct from those occupied by any other intracellular organisms studied thus far. Our parallel study (6) showed that E. chaffeensis infection of THP-1 cells is inhibited by monodansylcadaverine, as is E. risticii infection (34, 46) , suggesting that both organisms enter by receptor-mediated endocytosis (16) . Previous results obtained with E. risticii have shown that entrance is dependent upon surface antigenic proteins expressed on the host cell and the ehrlichial organism (34, 35) . The replication of these two Ehrlichia spp. in separate inclusions suggests that they have evolved distinct mechanisms to survive in their particular intracellular niches. For example, the receptor and signaling for internalization may be distinct for these two ehrlichial organisms. These differences may influence ehrlichial metabolism, e.g., iron acquisition, as suggested in our parallel work (6), and pathogenesis.
The absence of LAMP-1 and CD63 in the HGE agent and E. chaffeensis inclusions in HL-60 cells indicates that fusion between late endosomes and lysosomes and ehrlichial inclusions does not occur. These results are in agreement with our previous observations of E. chaffeensis inclusions in THP-1 cells (7) and with ultrastructural studies of E. risticii inclusions in (53) . These results allow speculation that the HGE agent may block a GTPase activity present on the inclusion membrane. This may also explain the relative instability of the HGE agent in culture. LAMP-1 was also not found at any detectable level with C. trachomatis (23) and L. pneumophila (14) inclusions, but inclusions of M. avium (50) , M. marinum (5), and C. burnetti (23) did contain LAMP-1. Previous results obtained with E. risticii have suggested a role for clathrin-mediated endocytosis because its internalization is inhibited by monodansylcadaverine (34, 46) . Both HGE agent and E. chaffeensis inclusions, however, lacked colocalization with both the clathrin heavy chain and ␣-adaptin. Our previous study with E. chaffeensis in THP-1 cells also did not show the clathrin heavy chain with ehrlichial inclusions (7). Clathrin-mediated endocytosis is a pathway utilized by many receptors (e.g., the TfR) and virus entry, which are sensitive to monodansylcadaverine (16, 38) . The association of clathrin heavy and light chains with the receptor allows formation of basket-like structures on the cytoplasmic side of the plasma membrane which are pinched off to form clathrin-coated vesicles (38) . Clathrin is attached to the plasma membrane receptor via a distinct adapter complex including ␣-adaptin (51). This clathrin-associated complex is released from the endocytic vesicle immediately preceding fusion to a target membrane in an ATP-dependent manner (8) . It is unknown whether the ␣-adaptin is fully or partially removed prior to fusion with the target membrane. The absence of clathrin and ␣-adaptin from ehrlichial inclusions suggests that the inclusion is distinct from budding TfR endosomes (33) , and their association with a newly formed ehrlichial inclusion during entry into the host cell and replication may have an extremely short half-life, if the association occurs at all, because TfR-ligand complex internalization is initiated by clathrin-mediated endocytosis (24) . Ehrlichial organisms partially internalized in a coated pit were occasionally observed (42) ; therefore, the absence may not rule out the use of clathrin-mediated endocytosis as a mechanism for entrance into the host cell. E. chaffeensis shows similarity to E. sennetsu (6)-and M. tuberculosis (14)-containing phagosomes in that they both fuse with early endosomes, allowing acquisition of the TfR. L. pneumophila or C. trachomatis, in contrast, was not found to acquire the TfR (14, 26) , similar to the HGE agent. The inclusion membrane of E. chaffeensis may contain specific recognition molecules which allow fusion of TfR endosomes or accumulation of newly synthesized TfR directly trafficked from the Golgi apparatus.
We have determined that, similar to E. chaffeensis inclusions in THP-1 cells (7) and M. tuberculosis (14) , a fraction of E. chaffeensis and HGE agent inclusions in HL-60 cells acquire or are slow to remove MHC class I and II molecules. Although the MHC class I and II molecules on a small percentage of the ehrlichial inclusions may be derived directly from the plasma membrane or newly synthesized molecules derived from Golgi vesicles that have been directly trafficked to the inclusions, our results suggest that the persistence of MHC class I and II molecules on ehrlichial inclusions is due to inhibition of normal membrane molecule sorting following phagocytosis and inhibition of normal maturation of the ehrlichial phagosome along the endosomal-lysosomal pathway. Taken together with results obtained with early endosomal markers, these findings suggest that persistence of MHC class I and II molecules is independent from the presence of early endosomal markers.
Our (26) inclusions. The presence of a vacuole-type H ϩ -ATPase may give E. chaffeensis inclusions a weak acidic nature to cause prolonged retention of the TfR in the inclusion, since acidification of endosomes was reported to delay recycling of the TfR back to the plasma membrane (27) .
Our results show that some HGE agent-and E. chaffeensisinfected HL-60 cells colocalized with VAMP2. In neutrophils, VAMP2 is believed to play a role in controlling vesicular targeting, docking, and fusion through interactions with other proteins, such as the soluble protein NSF (N-ethylmaleimide sensitivity factor) and the connecting cytoplasmic protein known as SNAP (soluble NSF attachment protein) (48) . Due to the highly conserved and ubiquitous nature of both NSF and SNAP, it is thought that the specificity for docking and fusion results from the existence of a unique SNAP receptor residing on the vesicles (i.e., VAMP2) (48) . VAMP2 on ehrlichial inclusions may act as a mechanism to acquire lipid membrane or essential nutrients for the growing ehrlichial organism through regulated vesicle trafficking.
Through double immunofluorescence labeling, we found that neither HGE agent or E. chaffeensis inclusions colocalized with annexin I, II, IV, or VI. Results obtained with C. trachomatis in HeLa cells suggest a role for annexins III, IV, and V in the redistribution of chlamydial inclusions (32) . It remains to be seen if other annexin family members occur or if transient association of annexins with ehrlichial inclusions occurs.
The failure to incorporate fluorescent sphingolipid into the inclusions indicates that the HGE agent does not intercept vesicular antegrade traffic to the plasma membrane from the trans-Golgi network. C. burnetti-containing vacuoles also did not incorporate fluorescent sphingolipids (26) ; however, specific trafficking of fluorescent sphingolipids to C. trachomatis inclusions occurs (26) . Through the addition of BFA to HGE agent-or E. chaffeensis-infected cells, we have determined that these Ehrlichia spp. do not rely on secretory vesicles or their contents trafficked from the endoplasmic reticulum or the Golgi apparatus. Since vesicular traffic between the trans-Golgi network endosomes and the cell surface does proceed in the presence of BFA (29) , proteins of the trans-Golgi network and endosomes are still able to intermix, which may be sufficient to allow ehrlichial growth or survival for at least 24 h. These results do support the finding obtained by ␤-COP and C 6 -NBD-ceramide labeling that neither the HGE agent nor E. chaffeensis intercepts regulated protein transport between the endoplasmic reticulum and the Golgi complex, intra-Golgi transport, or the trafficking of Golgi-derived vesicles (exocytic pathway) being transported to the plasma membrane or another cytoplasmic destination.
CI-M-6-P Rc data, along with the results obtained for LAMP-1 and CD63, suggests that neither the HGE agent nor E. chaffeensis resides in late endosomes or in transport vesicles between the Golgi and lysosomes. The exclusion of the CI-M-6-P Rc has also been shown for inclusions of M. marinum (5) and C. burnetti (26) . Heinzen The HL-60 cell line was derived from a patient with acute promyelocytic leukemia and can be induced by various agents to differentiate into granulocytes, monocytes, or macrophages (15) . We also found that another myelocytic leukemia cell line, THP-1, supports the growth of both the HGE agent and E. chaffeensis (6) . The ability to support the growth of both the HGE agent and E. chaffeensis indicates that these cell lines have the receptor and cellular physiology necessary to accommodate both types of ehrlichiae, unlike mature peripheral blood granulocytes or monocytes. Our observation coincides with the previous reports of the presence of E. chaffeensis in bone marrow mononuclear cells (19, 21, 40) . Primary bone marrow progenitors of both granulocytic and monocytic lineages are susceptible to infection with the HGE agent (28) . Infection of bone marrow progenitors may be partially responsible for the hematologic abnormality and pathogenesis seen in human ehrlichioses.
